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(54) Ceramic body and ceramic cataiyst body 

(57) The present invention has an object to obtain a 
ceramic body that can support a required amount of cat- 
alyst component, without lowering the characteristics 
such as strength, being manufactured without forming 
a coating layer and providing a high perfoimance ce- 
ramic catalyst body that is excellent in practical utility 
and durability. 

Such a ceramic body that is made by substituting 



at least one l<ind among the constituent elements of 
cordlerite that constitutes the substrate ceramic, for ex- 
ample Al, with W that is the element having an empty 
orbit In d orf orbit, has high bonding strength and is less 
susceptible to deterioration since the catalyst compo- 
nent Ft is supported by means of chemical bonding. 
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Descriptiorh 

BACKGROUND OF THE INVENTION 
5 1 . Field of the Invention 

[0001] The present invention relates to a ceramic body and a ceramic catalyst body used as a catalyst support in an 
exhaust gas purifying catalyst of an automobile engine, or the like. 

10 2. Description of the Related Art 

[0002] Cordierite that has high durability against thermal shock has been widely used as a ceramic body for a catalyst 
support. The catalyst is made by applying a y^alumina coating on the surface of cordierite that is formed in honeycomb 
shape, and providing it with a noble metal catalyst supported thereon. The coating layer is fonned because the specific 
15 surface area of the cordierite is too small to support a required amount of catalyst component. Thus surface area of 
the support is increased by using y-alumina that has a large specific surface area. 

[0003] When the surface of the support is coated with y-alumina, however, the heat capacity of the carrier increases 
due to the increase in the mass. Recently, investigations have been conducted for means to make the heat capacity 
smaller by making the cell wall of the honeycomb support thinner, in order to achieve earlier activation of the catalyst. 
20 However, the effect of this attempt is reduced by the formation of the coating layer. There have also been such problems 
that the coefficient of thennal expansion of the support becomes larger due to the coating layer, and the decrease in 
the opening area of the cell increases the pressure loss. 

[0004] Various researches have been conducted to achieve ceramic bodies capable of supporting catalyst compo- 
nents without forming a coating layer In Japanese Examined Patent Publication (Kokoku) No. 5-50338, for example, 
25 such a method is proposed that Improves the specific surface area of cordierite itself by applying heat treatment after 
pickling. However, this method has not been practical because a pickling process or a heat treatment causes the 
destruction of the crystal lattice of cordierite, thus resulting in lower mechanical strength. 

SUMIVIARY OF THE INVENTION 

30 

[0005] An object of the present invention is to solve the problems of the prior art, and provide a ceramic body capable 
of supporting, without forming a coating layer, a required amount of catalyst component without lowering the charac- 
teristics such as strength, thereby to provide a high perfonnance ceramic catalyst body that is excellent in utility and 
durability. 

35 [0006] A ceramic body according to the present invention comprises a substrate ceramic wherein one or more of 
elements that constitute it is substituted with an element other than the constituent elements, and a catalyst component 

can be directly supported on the substituting element. 

[0007] As the ceramic body of the present invention comprises the substrate ceramic of which part of the constituent 
elements is substituted and the catalyst component is directly supported on the substituting element, such a problem 
40 does not occur as the crystal lattice is destroyed leading to lower strength, unlike the prior art technology that increases 
the specific surface area of the substrate ceramic by eluting the constituent element by pickling or other process. As 
a result, the ceramic body can directly support the catalyst component while maintaining a sufficient strength, and is 
excellent in practical utility and durability. 

[0008] According to one aspect of the present invention, the catalyst component is supported on the substituting 
45 element by means of chemical bonding. As the catalyst component is supported by means of chemical bonding, the 
catalyst holding power becomes higher than the common supporting structure that holds the metal catalyst particles 
in pores. The capability to distribute the catalyst component uniformly over the support makes the catalyst less likely 
to coagulate, thus resulting in less deterioration after a long period of use. 

[0009] Preferably, the substrate ceramic is made of a ceramic material that contains cordierite in a concentration not 
50 lower than 1 volt, preferably not lower than 5 vol%. Cordierite has high resistance against themnal shock and Is pref- 
erably used as thecatalystforpurifying, for example, automotive exhaust gas. Theconstituent element to be substituted 
may be, for example, one or more kinds among Si, Al and Mg. 

[0010] The ratio of effective ion diameter of the constituent element (Si, Al, Mg) to be substituted to that of the 
substituting element is preferably in a range from 0.7 to 2.0, which makes it easier to substitute the element. 
55 [0011] According to one aspect of the present invention, elements having d or f orbits in the electron orbits thereof 
are used as the substituting elements, and the effect described above can be achieved by selecting one or more from 
among these elements. 

[0012] It is more preferable that the substituting element has an empty orbit in the d or f orbits thereof. Specifically, 
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the substituting element is at least one Icind selected from among a group consisting of Ti, V, Cr, Mn, Fe, Co, Ni, Zr, 
IVIo, Ru, Rh , Ce, W, Ir and Pt, These elements have energy level near to that of the cataiyst component, and is apt to 
impart electrons. 

[0013] Altemativeiy, the substituting element may be one or more Icinds of element that has two or more stable 
5 oxidation states. The substituting element may be at least one kind selected from among a group consisting of Cu, 
Ga, Ge, Se, Pd, Ag and Au, which can achieve an effect similar to that described above. 

[0014] Preferably, the proportion of solid solution of the substituting element required for supporting the catalyst 
component is not lower than 5 ppb of the number of atoms of the constituent element to be substituted. As a smaller 
catalyst particle size leads to a larger number of catalyst particles for a given quantity of catalyst supported, the pro- 
10 portion of solid solution of the substituting element is more preferably not lower than 5 ppm of the number of atoms of 
the constituent element to be substituted. Furthermore, the proportion of solid solution of the substituting element is 
more preferably in a range from 0.01% to 50% of the number of atoms of the constituent element to be substituted. 
When the proportion of solid solution Is In this range, the effect described above can be achieved without affecting the 
crystal structure. 

15 [0015] For example, the optimum value is obtained when the proportion of the solid solution is in a range from 2 to 
7% of the number of atoms of the constituent element to be substituted in the substrate ceramic containing cordierite 
as a main component, the proportion is in a range from 5 to 15% of the number of atoms of the constituent element to 
be substituted in the substrate ceramic containing titania as a main component, and the proportion is in a range from 
1 to 5% of the number of atoms of the constituent element to be substituted in the substrate ceramic containing alumina 

20 as a main component. 

[0016] The catalyst component preferably contains element of at least one kind selected from among a group con- 
sisting of Pt, Rh, Pd, Ir. Au, Ag, Ru, Hf, Ti, Cu, Ni, Fe, Co, W, Mn, Cr, V, Se, Rb. Sr, Y, Zr, Nb, Mo, Tc, Ru, Sc, Ba, K 
and lanthanoid elements as the main catalyst or promoter, and oxides thereof, according to the purposes. Preferably 
Pt, Rh, Pd and Ir as the main catalyst and at least one element selected from Y, Zr, La and Ce or oxides thereof as the 

25 promoter are used as the catalyst component. 

[0017] According to one aspect of the present invention, the catalyst component can be supported by the fact that 
an electron orbit thereof overlaps that of the substituting element. Altemativeiy, the catalyst component can be sup- 
ported by means of ion bonding with the substituting element, resulting in a high bonding strength and less susceptibility 
to thermal deterioration because of the chemical bonding. 

30 [0018] Preferably, the constituent element and the substituting element are selected so that the sum of oxidation 
numbers of the constituent element to be substituted is equal to the sum of oxidation numbers of the substituting 
element. When the sum of oxidation numbers changes after substitution, lattice defects may be generated and lead 
to thermal deterioration due to the catalyst component supported with low bonding strength at the defects. Such a 
problem can be mitigated by making the sum of oxidation numbers of the constituent element equal to the sum of 

35 oxidation numbers of the substituting element. However, as the substituting elements are mainly transition metals and 
have a plurality of valence values, a lattice defect is not likely to occur even when making the sum of oxidation numbers 
of the constituent element different from the sum of oxidation numbers of the substituting element. 
[0019] Specifically, the sum of oxidation numbers can be made the same before and after substitution, by substituting 
one of the constituent elements with the substituting element that has the same value of valence as that of the fomner. 

40 Alternatively, the sum of oxidation numbers can easily be made the same before and after substitution, by substituting 
one of the constituent elements with a plurality of the substituting element that has different values of valence from 
that of the fomner and selecting a proper combination of the values of valence. 

[0020] More specifically, the constituent element is Si, Al or Mg, and the constituent element can be substituted with 
two kinds of the substituting elements. Then the effect described above can be achieved by including the two kinds of 

45 said elements In proportion of 1:1 In the ratio of the number of atoms, and making the total number of atoms of the two 
kinds of elements equal to the number of atoms of the constituent elements to be substituted. 
[0021] At this time, both the constituent elements to be substituted with the two kinds of element can be located at 
the Si site. In addition, such arrangements can be employed as one of the constituent elements to be substituted with 
the two kinds of the substituting element is located at the Si site and the other is located at the Al site, one of the 

50 constituent elements to be substituted with the two kinds of the substituting element is located at the Si site and the 
other is located at the Mg site, both the constituent elements to be substituted with the two kinds of the substituting 
element are located at the Al site, one of the constituent elements to be substituted with the two kinds of the substituting 
element is located at the Al site and the other is located at the Mg site, or both the constituent elements to be substituted 
with the two kinds of the substituting element are located at the Mg site. 

55 [0022] According to one aspect of the present invention, when the constituent element is Si, Al or Mg, the constituent 
element can be substituted with three kinds of the substituting elements. Then the effect described above can be 
achieved by selecting two of the thee kinds of elements having the same value of valence, Including the two kinds of 
the elements that have the same value of valence and the other one kind of element In the proportion of 2:1 in the ratio 
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of the numlber of atoms, and making the total number of atoms of the three kinds of elements equal to the number of 
atoms of the constituent elements to be substituted. 

[0023] According to another aspect of the present invention, such a constitution may also be employed as the con- 
stituent element is Si, Al or Mg, the constituent element is substituted with three kinds of the substituting elements, 

5 while selecting the three kinds of elements that have different values of valence, including the three kinds of the ele- 
ments in the proportion of 1 :1 :1 in the ratio of the number of atoms, and making the total number of atoms of the three 
kinds of elements equal to the number of atoms of said constituent elements to be substituted. 
[0024] Furthermore, such a constitution may also be employed as the constituent element is Si, Al or Mg, the con- 
stituent element is substituted with three kinds of the substituting elements, while selecting the three kinds of elements 

10 so that at least one thereof has the same values of valence as that of the constituent element, including the three kinds 
of the elements in the proportion of 1 :1 :1 in the ratio of the number of atoms, and making the total number of atoms of 
the three kinds of elements equal to the number of atoms of said constituent elements to be substituted. 
[0025] According to another aspect of the present invention, such a constitution may also be employed as the con- 
stituent element is Si, Al or Mg, and the constituent element Is substituted with four kinds of the substituting elements. 

15 Then the effect described above can be achieved by selecting such elements for two of the four kinds of elements that 
have the same value of valence and such elements for the other two kinds of elements that have the same value of 
valence, with the pairs each comprising the two kinds of elements that have the same value of valence being included 
in the proportion of 1 :1 In the ratio of the number of atoms, and the total number of atoms of the four kinds of elements 
being equal to the number of atoms of said constituent elements to be substituted. 

20 [0026] According to one aspect of the present invention, such a constitution may also be employed as the constituent 
element Is Si, Al or Mg, while the constituent element is substituted with four kinds of the substituting elements, with 
two of the four kinds of elements having the same value of valence, the two kinds of elements that have the same 
value of valence and the remaining two kinds of elements being included in the proportion of 2:1 :1 in the ratio of the 
number of atoms, and the total number of atoms of the four kinds of elements being equal to the number of atoms of 

25 said constituent elements to be substituted. 

[0027] Furthemnore, such a constitution may also be employed as the constituent element is Si, Al or Mg, while the 
constituent element is substituted with four kinds of the substituting elements, with two of the four kinds of elements 
having the same value of valence as that of said constituent elements, the two kinds of elements that have the same 
value of valence and the remaining two kinds of elements being included in the proportion of 2:1:1 in the ratio of the 

30 number of atoms, and the total number of atoms of the four kinds of elements being equal to the number of atoms of 
the constituent elements to be substituted. 

[0028] According to another aspect of the present invention, such a constitution may also be employed as the con- 
stituent element Is Si, Al or Mg, while the constituent element is substituted with four kinds of the substituting elements, 
with three of the four kinds of elements having the same value of valence, the three kinds of elements that have the 
35 same value of valence and the remaining one kind of element being included in the proportion of 3:1 in the ratio of the 
number of atoms, and the total number of atoms of the four kinds of elements being equal to the number of atoms of 
said constituent elements to be substituted. 

[0029] Furthermore, such a constitution may also be employed as the constituent element Is Si, Al or Mg, while the 
constituent element is substituted with four kinds of the substituting elements, with the four kinds of said elements 

40 being included in the proportion of 1 :1 :1 :1 In the ratio of the number of atoms, and the total number of atoms of the 
four kinds of elements being equal to the number of atoms of said constituent elements to be substituted. 
[0030] According to one aspect of the present invention, such a constitution may also be employed as the constituent 
element is SI, Al or Mg, while the constituent element is substituted with four kinds of the substituting elements, with 
at least one of the four kinds of elements having the same value of valence as that of the constituent element, the four 

45 kinds of elements being included in the proportion of 1 :1 :1 :1 in the ratio of the number of atoms, and the total number 
of atoms of the four kinds of elements being equal to the number of atoms of said constituent elements to be substituted. 
[0031] Further according to one aspect of the present invention, such a constitution may also be employed as, when 
the constituent element is substituted with the substituting element having a different electric charge, the number of 
lattice defects generated thereby is not larger than 2 per formula weight (2MgO-2Al203-5SI02) of cordierite that is the 

50 substrate ceramic. This makes it possible to ensure the stability of the crystal and reduce failures due to the defects. 
[0032] The shape of the ceramte body may be selected from among various shapes such as honeycomb, foamed 
block, hollow fiber, fiber, powder or pellets. 

[0033] According to one aspect of the present Invention, the ceramic catalyst body can be made by supporting the 
catalyst component directly on the ceramic body described above. It is possible to make the ceramic catalyst body 
55 having high durability capable of early activation of the catalyst that is not subject to increases in the thermal capacity 
and in the coefficient of thermal expansion due to coating layer, as the ceramic component Is supported directly on the 
substituting element. 

[0034] According to one aspect of the present invention, when the catalyst component contains a main catalyst and 
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ar promotei*component, the promoter component can be partially supported on a part of the ceramic body. For example, 
early activation of the catalyst can be achieved by supporting the promoter component only When deterioration of the 
catalyst is checked by monitoring the capacity of the promoter component to absorb and dissociate oxygen, however, 
addition of a new system for detecting the deterioration of the catalyst becomes necessary. In such a case, both the 
5 early activation and detection of catalyst deterioration can be achieved by supporting the promoter component only on 
a part of the honeycomb ceramic body, for example at the rear end thereof. 

[0035] In this case, It will be effective to support a relatively large amount of the promoter component, namely 20g/ 
L or more, in the portion supporting the promoter component. 

[0036] According to one aspect of the present invention, a wash coating material may also be partially supported on 
10 a part of the ceramic body This makes it possible to absorb and collect HC, that is emitted when the engine is started 
while It Is cold, on the wash coating material. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 [0037] 

Fig. 1 (a) shows the 50% purification performance as a function of the mean particle size of the catalyst, and Fig. 
1 (b) shows the 50% purification perfomnance as a function of the quantity of the catalyst supported. 
Fig. 2 shows the relation between the proportion of solid solution of substituting element and of the particle size 
20 of the noble metal catalyst. 

Fig. 3(a) and Fig. 3(b) show the lattice constant as a function of the heating rate, Fig. 3(a) for the a axis and Fig. 
3(b) for the c axis. 

Fig. 4(a) and Fig. 4(b) show the content of phases other than cordierite as a function of the heating rate, Fig. 4(a) 
for WO3 and Fig. 4(b) for MgW04. 
25 Fig. 5 Is a partially enlarged view of the catalyst surface schematically showing the state of catalyst component 
supported on the ceramic body of the present invention. 

Fig. 6 shows the overall constitution of an automobile exhaust gas purification catalyst system as an application 

of the present invention. 

Fig. 7(a) through Fig. 7(e) show examples of catalyst supporting region when a promoter component is partially 
30 supported on the ceramic body of the present invention 

Fig. 8(a) shows the purification performance as a function of the distance from the end face when a promoter 

component is partially supported, Fig. 8(b) shows the purification performance as a function of the distance from 

the center, and Fig. 8(c) shows the purification performance as a function of the amount of the promoter supported. 

Fig. 9(a) and Fig. 9(b) show the quantity of the catalyst supported vs. the catalyst length. 
35 Fig. 1 0(a) shows the change in bonding energy of the substituting element when the catalyst component is partially 

supported on the ceramic body, and Fig. 10(b) Is a partially enlarged view of Fig. 10(a). 

Fig. 11 shows the chemical bonding strength of the substituting element with the catalyst component in comparison 

to a case without substitution. 

Fig. 12(a) shows the crystallization energy as a function of the solid solution site of the substituting element, and 
40 Fig. 12(b) shows the model simulated by the density functional method. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0038] The present invention will be described In detail below. The ceramic body according to the present Invention 
45 comprises a substrate ceramic wherein one or more of elements that constitute It is substituted with an element other 
than the constituent elements, and a catalyst component can be directly supported on the substituting element. The 
ceramic catalyst body obtained by directly supporting the catalyst component is suited for use as an automobile exhaust 
gas purifying catalyst. A substrate ceramic made from cordierite having theoretical composition of 2MgO-2Al203-5Si02 
as the main component Is suited for use as a substrate for ceramic. Specifically, ceramic containing cordierite in a 
50 concentration not lower than 1 vol%, preferably not lower than 5 vol%. Is suitably used. The main component of the 
ceramic may also be other ceramic materials such as alumina, spinel, aluminum titanate, silicon carbide, mulllte, zir- 
conium phosphate, silicon nitride, zeolite, and silica-alumina, in addition to cordierite. The shape of the ceramic carrier 
is not limited and may also be other shapes such as honeycomb, foam, hollow fiber, fiber, powder or pellets. 
[0039] As the element substituted with the constituent elements (for example, SI, Al and Mg in the case of cordierite) 
55 of the substrate ceramic, elements having a large bonding strength with the catalyst component as compared with 
those constituent elements and capable of supporting the catalyst component by means of chemical bonding are used. 
Specifically, the substituting elements may be one or more of elements which are different from the constituent elements 
and have a d or an f orbit in the electron oriDits thereof, and preferably have empty orbit In the d or f ortait or have two 
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or more o)^idation states. An element which has empty orbit In the d or f orbit has energy level near that of the noble 

metal catalyst being supported, which means a higher tendency to exchange electrons and bond with the catalyst 
component. An element which has two or more oxidation states also has higher tendency to exchange electrons and 
provides the same effect. 

5 [0040] Specific examples of the substituting element having an empty orbit in the d or f orbit thereof include Sc, Ti, 
V, Cr, Mn, Fe, Co, Nl, Y, Zr, Nb, Mo, Tc, Ru, Rh, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Lu, Hf, Ta, W, 
Re, Os, Ir and Pt. Preferably, one or more of elements selected from Ti, V, Cr, Mn, Fe, Co, Ni, Zr, Mo, Ru, Rh, Ce, W, 
Ir and Pt are used. Among these elements, Ti, V, Cr, Mn, Fe, Co, Nl, Nb, Mo, Tc, Ru, Rh, Ce, Pr, Eu, Tb, Ta. W, Re, 
Os, Ir and Pt are elements having two or more oxidation states. 

10 [0041] Specific examples of the other element having two or more oxidation states include Cu, Ga, Ge, As, Se, Br, 
Pd, Ag, In, Sn, Sb, Te, I, Yb and Au. Preferably, one or more of elements selected from Cu, Ga, Ge, Se, Pd, Ag and 
Au are used. 

[0042] When the constituent element of the substrate ceramic is substituted with these substituting elements, the 
proportion of solid solution of the substituting element is not lower than 5 ppb, and preferably not lower than 5 ppm, of 

15 the number of atoms of the constituent element to be substituted. As shown in Fig. 1 (a), a smaller average particle of 
the catalyst component to be supported leads to more improved performances of the catalyst (T50: 50% purification 
perfomriance). The average particle size of the catalyst component is usually not higher than 100 nm, and preferably 
not higher than 50 nm. As shown in Fig. 1(b), as a quantity of the catalyst supported of not lower than 0.01 g/L Is 
required to exert the catalytic perfonnance when the average particle size is 50 nm, the proportion of solid solution of 

20 the substituting element of not lower than 5 ppb (5 x 1 Q-^) Is required to control the average particle size of the catalyst 
component to not higher than 50 nm when the quantity of the catalyst supported Is 0.01 g/L, as Is apparent from Fig. 
2. When the average particle size is not higher than 5 nm, the proportion of solid solution of the substituting element 
of not lower than 5 ppm (5 x 1 0-^) is required. 

[0043] More preferably, the proportion of solid solution of the substituting element is controlled in a range from 0.01 

25 to 50% of the number of atoms of the constituent element to be substituted. When one of constituent elements is 
substituted with plural substituting elements, the total proportion is controlled within the above range. To obtain a 
sufficient effect due to the substitution, the proportion is preferably controlled to not lower than 0.01% In view of the 
detection limit and concentration of inevitable impurities due to an analyzer such as EPMA, The proportion of higher 
than 50% is not preferred because of an increase in influence on the structure of the substrate ceramic. According to 

30 the kind of the substrate ceramic and the substituting element, the optimum value may be obtained by appropriately 
setting the proportion of the solid solution of the substituting element. For example, the optimum value is obtained 
when the proportion of the solid solution is in a range from 2 to 7% of the number of atoms of the constituent element 
to be substituted when the substrate ceramic is cordlerite and the substituting elements are W and Ti. For example, 
the optimum value is obtained when the proportion of W and Al Is from 5 to 1 5% In titania, and the proportion of W and 

35 Ti from 1 to 5% in alumina. 

[0044] The ceramic body wherein a portion of constituent elements of the substrate ceramic Is substituted of the 
present invention is produced, for example, by previously subtracting a portion of starting materials of constituent 
elements to be substituted according to the proportion to be substituted to prepare starting materials of ceramic, knead- 
ing the mixture, forming the kneaded mixture and drying the prefomri using a conventional method, and immersing In 

40 Si solution containing substituting elements. The preform having many substituting elements on the surface of the 
prefomi was taken out of the solution and dried, followed by degreasing and further sintering in air atmosphere. By 
employing the method of supporting substituting elements in a dry body in place of kneading with raw ceramic materials, 
many substituting elements exist on the surface of the prefomri and substitution with elements arises on the surface of 
the prefomri during sintering to easily form a solid solution. 

45 [0045] In accordance with the method described above, a ceramic body was prepared by using cordierite as the 
substrate ceramic and substituting 5 to 20% of Al which is the constituent element with W. Starting materials were 
prepared by using a cordierite material comprising talc, kaolin and alumina and subtracting 5 to 20% of the Al source 
from the cordierite material, and were kneaded and fornned Into honeycomb using a conventional method, and then 
dried. The dried preform was immersed in a solution of WO3, a compound of W used as the substituting element. The 

50 prefonn have much WO3 on the surface of the honeycomb prefonn was taken out of the solution and dried. After 
degreasing at 900**C in air atmosphere, the honeycomb structure was sintered In air atmosphere at a heating rate of 
5 to 75°C/hr and held at a temperature of 1250 to 1390**C. 

[0046] To produce a ceramic body wherein a portion of constituent elements of the substrate ceramic is substituted, 
there can also be employed a method of previously subtracting a portion of starting materials of constituent elements 
55 to be substituted according to the proportion to be substituted to prepare starting materials of ceramic, adding substi- 
tuting elements in starting materials of ceramic, kneading them, forming the mixture, drying the prefonn, and sintering 
the dry prefonn, 

[0047] Cordierite materials comprising talc, kaolin, alumina and aluminum hydroxide, and tungsten oxide (WO3), 
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which is a Compound of the substituting element W, having valence of a value different from that of Al substituting 1 0% 
of the Al source were mixed in proportions around the theoretical composition of cordierite. Proper quantities of a 
binder, a lubricant, a humectant and water were added to the mixture and l<neaded into a paste. The paste was formed 
into a honeycomb body having a cell wall thickness of 100 jim, a cell density of 400 cpsi (number of cells per 1 square 

5 inch) and diameter of 50 mm. The honeycomb body was sintered in an air atmosphere of 1250 to 1390°C. 

[0048] Cordierite materials comprising talc, kaolin, alumina and aluminum hydroxide, and plural substituting ele- 
ments, 10% of tungsten oxide (WO3) and 1 0% of titanium oxide (T1O2), as compounds of W and Ti, substituting 20% 
of the Al source were mixed in proportions around the theoretical composition of cordierite. Proper quantities of a 
binder, a lubricant, a humectant and water were added to the mixture and kneaded into a paste. The paste was fonned 

10 into a honeycomb structure having a cell wall thickness of 100 ^m, a cell density of 400 cpsi (number of cells per 1 
square inch) and diameter of 50 mm. The honeycomb structure was sintered in an air atmosphere of 1260 to 1320°C. 
[0049] The structure of the ceramic body obtained by substituting 1 0% of Al with W as one example was examined 
by X-ray diffraction. The results are shown in Fig. 3(a), Fig. 3(b), Fig. 4(a) and Fig. 4(b). Fig. 3(a) and Fig. 3(b) show 
the results of the measurement of the lattice constant for the a axis and the lattice constant for the c axis, with respect 

15 to plural ceramic bodies obtained by varying the temperature rising rate during sintering. As shown in Fig. 3(a), the 
lattice constant for the a axis clearly changes to the cordierite phase (indicated by the symbol • in the drawing) that 
is not substituted with elements. This shows that the structure of the cordierite phase varies as a result of the substitution 
of Al with W, and thus a solid solution exists. Also in other substituting elements, a change in lattice constant is observed 
and the existence of the solid solution was confirmed. Actually, peaks of WO3 and l\/lgW04 as phases other than 

20 cordierite were confirmed. A relationship between the content of phases other than cordierite (WO3 and MgW04) and 
the heating rate is shown in Fig. 4(a) and Fig. 4(b). As shown in Fig. 4(a) and Fig. 4(b), since a correlation between 
the content of phases other than cordierite (WO3 and MgW04) and the heating rate is recognized and also a correlation 
between the lattice constant for a axis and the heating rate is recognized as shown in Fig. 3 (a), lower heating rate 
(longer reaction time) leads to much W as the substituting element to be cordierite incorporated Into cordierite crystals. 

25 It is theoretically possible to eliminate different phases, but is difficult to completely eliminate different phases in the 
actual production, and different phases may exist as far as the crystallinity and catalytic perfomnance are not deterio- 
rated. 

[0050] As the catalyst component to be supported on the ceramic carrier, for example, noble metal elements such 
as Pt, Rh, Pd, Ir, Au, Ag and Ru are commonly used as a main catalyst and, if necessary, various promoters are added. 

30 Examples of the promoter include metal elements such as Hf, Ti, Cu, Ni, Fe, Co, W, Mn, Cr, V, Se, Rb, Sr, Y, Zr, Nb, 
Mo, Tc, Ru, Sc, Ba, K and lanthanoid elements (La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu), and 
oxides or complex oxides thereof. According to the purposes such as suppression of deterioration, oxygen occluding 
ability and detection of catalyst deterioration, one or more kinds of these elements can be used. 
[0051] Preferably Pt, Rh, Pd and Ir are used as the main catalyst component, and at least one element selected 

35 from Y, Zr, La and Ce or oxides thereof is preferably used as the promoter component. 

[0052] These catalyst components are usually supported on the ceramic body of the present invention by immersing 
the ceramic body in a solution containing the desired catalyst components and sintering the immersed ceramic body. 
When using two or more catalyst components in combination, the ceramic body may be immersed in a solution con- 
taining plural catalyst components. As shown In Fig. 5. when using Pt and Rh as a main catalyst component, the 

40 ceramic body is immersed in a solution containing hexachloroptatinate and rhodium chloride, dried and then sintered 
in air atmosphere. Furthemiore, the sintered ceramic body is immersed in a solution containing CeOg as a promoter 
component, dried and then sintered In air atmosphere, and thus the noble metal and the promoter as catalyst compo- 
nents are supported on substituting elements (Co, W) on the surface of the ceramic body by means of chemical bonding. 
For example, Ce02 is used as the promoter component in a three way catalyst and a NOx catalyst. The quantity of 

45 the catalyst component supported is preferably in a range from 0.05 to 1 0 g/L for noble metal catalyst, and is preferably 
in a range from 1 0 to 250 g/L for promoter 

[0053] As described above, a ceramic catalyst body supported directly with a required quantity of the catalyst com- 
ponent can be obtained by using the ceramic body of the present invention without forming a coating layer made of y- 
alumina. Since the resulting ceramic catalyst body is preferably used as an automobile exhaust gas purifying catalyst 

50 and requires no coating layer, it can reduce the heat capacity to activate the catalyst in an early stage and is effective 
to reduce the coefficient of heat expansion and pressure loss. In the ceramic catalyst body, the catalyst component is 
supported by means of chemical bonding, for example, by the fact that electron orbit thereof overlaps with that of 
substituting element. Therefore, bonding of the ceramic body with the catalyst component becomes fimri as compared 
with the method of physically supporting on vacancies, thus resulting In high effect of suppresing themriai deterioration 

55 caused by agglomeration of catalyst components as a result of the movement due to thermal vibration. 

[0054] When using the promoter catalyst, the promoter can also be partially supported on the ceramic body. Fig. 6 
shows the overall an automobile exhaust gas purification catalyst system as an application of the present invention, 
wherein a supporting region of the promoter is limited to a rear end in a gas flow direction of a ceramic body having a 
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honeycomi) structure. To activate the catalyst In an earlier stage, it is effective to reduce the quantity of the catalyst 
supported without supporting the promoter. In a conventional three way catalyst (y-alumlna coating), deterioration is 
detected by utilizing an oxygen occluding ability of the promoter and a deterioration detecting system is required when 
the promoter Is lost. In such a case, only a main catalyst is supported In the upstream side closer to the engine where 
5 the temperature is liable to be raised to high temperature, thereby to promote early activation, while a promoter is 
supported on the rear end, thereby to allow it to detect deterioration by a conventional detecting method. With respect 
to detection of deterioration, using two oxygen sensors arranged at the front and rear of the catalyst, the case where 
a defined adsorption/desorption ability can not be maintained is judged as deterioration. 

[0055] In the NOx catalyst, control delay is sometimes caused by the promoter having an oxygen occluding ability 
10 when NOx purge control is desired and accordingly no promoter tends to be used, while it can partially support the 
promoter as far as it exerts no influence on control, thereby improving the NOx purification performance. Examples of 
the promoter used in these purposes include Rb, Sr, Y, Zr, Nb, Mo, Tc, Ru, Sc and lanthanoid elements (La, Ce, Pr, 
Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu), and oxides or complex oxides thereof. Among these promoters, 
oxides or complex oxides containing La, Ce, Nd, Zr, Y, Ba and Sr are preferably used. 
15 [0056] As shown In Fig. 7(a), a NOx catalyst comprising a promoter supported on the rear end of a ceramic body 
was made and the supporting region of the promoter and the NOx purification ratio were examined. As shown in Fig. 
8(a) and Fig. 8(b), when the promoter is supported in the region where the distance from the rear end is not lower than 
5 mm and the distance from the center is not lower than 10 mm, the effect of improving the catalyst performance (NOx 
purification performance) can be obtained. As is apparent from Fig. 8(c), the quantity of the promoter supported in the 
20 supporting region is preferably 20 g/l or higher. The supporting region of the promoter is not limited to the rear end, 
and can vary according to the purposes and requisite perfomriances, as shown in Fig. 7(b) to Fig. 7(e). The quantity 
of the promoter supported in the supporting region can be enhanced stepwise as shown In Fig. 9(b) without being 
controlled to a given quantity as shown in Fig. 9(a). 

[0057] Fig. 1 0(a) and Fig. 10(b) show the results obtained by measuring a change In bonding energy of W before 
25 and after supporting Pt when Pt as a catalyst component is supported on a ceramic body wherein a portion of A! is 
substituted with W. As shown in Fig. 10(a), a peak of W becomes broad by supporting the catalyst component and a 
portion of the bonding energy of W is partially shifted (from 34.6 eV to 32.7 eV). As shown In Fig. 10 (b), which is an 
enlarged view, plural peaks (arrows in the graph) that seem to be generated by an influence of supporting R, in addition 
to the peak of W. At this time, the peak of WOa-based ceramic body was 69% and the peak generated by the influence 
30 of supporting of Pt was 31 %. As described above, the bonding energy of W varies with supporting of Pt and the existence 
of a bond sharing free electrons between substituted W and R was confimied. A change in value of valence was not 
observed in constituent elements (Si, Al, Mg, O) of the other ceramic body. 

[0058] In the same manner, a lot of ceramic catalyst bodies were made, by supporting Pt as a catalyst component 
on ceramic bodies, wherein a portion of Al is substituted with W, and then the quantity of Pt supported on each ceramic 
35 catalyst body was measured by EPMA. An average value was calculated from 20 measuring points per one ceramic 
catalyst body. As a result, the quantity of Pt supported (average value) was 1 .5 g/L. It was found that the catalyst 
supporting perfomnance is markedly improved as compared with the ceramic body made of cordlerite which is not 
substituted with elements (quantity of Pt supported: 0.02 g/L). 

[0059] This shows that the bonding strength between the catalyst component and the ceramic body was enhanced 

40 by the substitution with the element using W. Fig. 1 1 shows the chemical bonding strength of the substituting element 
and Pt as the catalyst component in comparison to a case without substitution (Al) when Al as the constituent element 
of cordlerite Is substituted with various substituting elements (W, Tl, Ge, Mn, Zr, Pt, Mo). The ordinate Indicates a 
change (maximum value) in chemical bonding strength due to supporting of-Pt calculated by a first principle theory 
calculation and it is found that the bonding force between the substituting element and the catalyst component is 

45 enhanced by the bonding strength between the constituent element (Al) to be substituted and the catalyst component. 
[0060] When the constituent element of the substrate ceramic is substituted, for example, SI (+4), Al (+3) and Mg 
(+2) as constituent elements of cordlerite are substituted with the substituting element that has different values of 
valence, poor or excess electric charges, that correspond to the difference in value of valence and substitution quantity 
of elements to be substituted, are generated to cause lattice defects or oxygen defects in order to maintain electrical 

50 neutrality for crystal lattice. When the catalyst component is supported on the ceramic body having these defects by 
the method described above, not only the catalyst component is supported by bonding with the substituting element, 
but also the catalyst component is supported in pores formed by these defects. Since the bonding strength between 
the defects and the catalyst component is far smaller than the chemical bonding strength of the substituting element, 
when used at a high temperature for a long period, the catalyst component bonded to the defects Is likely to move and 

55 agglomerate, thereby causing thennal deterioration. 

[0061 ] To avoid such thermal deterioration, in case of selecting the substituting element, the constituent element and 
the substituting element are preferably selected so that the sum of oxidation numbers of the constituent element to be 
substituted is equal to the sum of oxidation numbers of the substituting element. For example, when two Si(s) (+4) as 
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the constlttient element of cordlerite are substituted with each one of W (+6) and Co (+2) that have different values of 
valence, thereby to cause no change in value of valence, defects are not formed. Examples of the hexavalent element, 
with which Si can be substituted, include Mo, Cr, Se and Te, in addition to W. Examples of the divalent element include 
Ni, Cu, Fe, Mn and Cr, in addition to Co. Therefore, using at least one of these hexavalent elements and at least one 
5 of these divalent elements, the total number of atoms of substituting elements is made to be equal to the number of 
atoms of constituent element (Si) to be substituted, while the hexavalent element and the divalent element are included 
in proportion of 1 :1 in the ratio of the number of atoms. 

[0062] The occurrence of defects can also be suppressed by using the substituting element having the same value 
of valence as that of the constituent element. For example, when two Si(s) (+4) are substituted with one Ce (+4) and 

10 one Zr (+4), that have the same value of valence, since the value of valence does not vary, defects are not formed. As 
for combination of elements having different values of valence, two Si(s) (+4) can also be substituted with each one 
of V (+5) and Cr (+3). In addition, three Si(s) (+4) can be substituted with three kinds of elements including elements 
having the same or different values of valence, for example, three kinds of each one of W (+6), Fe (+3) and Cr (+3). 
Alternatively, four Si(s) (4) can also be substituted with four kinds of elements including elements having the same or 

15 different values of valence. In any case, substituting elements are selected so that the sum of oxidation numbers of 
the constituent element to be substituted is equal to the sum of oxidation numbers of the substituting element and that 
the number of atoms of the element to be substituted is equal to those of the substituting element. Combination of 
number of atoms substituted with Si (having value of valence of +4) and value of valence of the substituting element 
is shown in Table 1 , and element species and value of valence thereof are shown in Table 4. 

20 [0063] Table 2 and Table 3 show an example of combination of the number of atoms to be supported and the value 
of valence of the substituting element when constituent elements to be substituted are Al and Mg. Similarly, when the 
constituent element is trivalent Al, a tetravalent element, for example, at least one of Tl, Mn, V, Ge, Zr and Ce and a 
divalent element, for example, at least one of Co, Ni, Cu, Fe, Mn and Cr can be selected. The total number of atoms 
of the first element and the second element is made to be equal to the number of atoms of the constituent element (Si) 

25 to be substituted, while the tetravalent element and the divalent element are included in proportion of 1 :1 in the ratio 
of the number of atoms. When the constituent element to be substituted is divalent Mg, for example, a combination of 
the trivalent element and the monovalent element may be used as the substituting element Also In the case where 
the number of atoms to be substituted is 3 or more, various combinations shown in Table 2 and Table 3 can be employed. 
[0064] As described above, the occurrence of defects can be suppressed by using substituting elements, that have 

30 the same as or different from that of the constituent element, In combination. It is theoretically possible to eliminate 
defects, but is difficult to completely eliminate defects in the actual production, and defects may exist as far as the 
crystalllnity and catalytic perfomnance are not deteriorated. 



[Table 1] 



35 


Combination of number of atoms substituted with Si (having value of valence of +4) and vaiue of valence 


Number of atoms to be substituted 


2 (+8) 


3 (+12) 


4 (+16) 




Combination of value of valence 


6,2 


7, 4,1 


7, 7, 1 , 1 


6, 5, 4, 1 


40 




5,3 


7, 3,2 


7, 6,2,1 


6, 5, 3, 2 




4.4 


6,5, 1 


7,5,3,1 


6, 4, 3, 3 








6, 4,2 


7,5,2,2 


6. 4, 4, 2 








6, 3,3 


7, 4, 4, 1 


5, 5. 5, 1 


45 






5,4,3 


7. 4, 3. 2 


5, 5. 4, 2 








4,4,4 


7.3, 3.3 


5, 5. 3, 3 








5.5,2 


6, 6, 3. 1 


5, 4, 4,3 


50 








6. 6, 2, 2 


4. 4, 4, 4 



55 
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rable 2] 



5 


Combination of number of atoms substituted with A! (having value of valence of +3) and value of valence 


Number of atoms to be substituted 


2 (+6) 


3 (+9) 


4 (+12) 




Combination of value of valence 


5.1 


7, 1, 1 


7,3.1,1 5.3,2,2 






4,2 


6,2, 1 


7, 2, 2, 1 5, 3, 3, 1 






3.3 


5,3, 1 


6, 4JJ 4,4,3,1 


10 






5,2,2 


6, 3, 2, 1 4, 3, 3, 2 








4, 4, 1 


6, 2, 2, 2 3, 3, 3, 3 








4, 3,2 


5, 5,1.1 


15 






3. 3,3 


5, 4, 2.1 



[Table 3] 



Combination of number of atoms substituted with Mg (having value of valence of +2) and valence 


Number of atoms to be substituted 


2(44) 


3 (+6) 


4 (+8) 


Combination of 


3,1 


4,1,1 


5,1.1,1 


value of valence 


2,2 


3, 2,1 


4,2,1.1 






2. 2,2 


3, 3.1.1 








2, 2. 2. 2 



[Table 4] 



Element species and value of valence thereof 


Elements 


Value of valence 


Elements 


Value of valence 


Cr 


2, 3, 6 


Ce 


3.4 


Mn 


2. 3, 4. 7 


Ir 


3.4 


Fe 


2,3 


Ga 


3 


Co 


2,3 


Au 


3 


Ni 


2,3 


Ti 


3.4 


Ru 


2. 3,4 


Zr 


4 


Pt 


2.4 


Ge 


4 


Cu 


1.2 


W 


4,6 


Pd 


2,4 


Mo 


6 


V 


3, 4,5 


Se 


4.6 


Rh 


1,2,3 


Ag 


1 



[0065] With respect to permissible number of defects when substituted with the element having the value of valence 
that is different from that of the constituent element, when Al of cordierite is substituted, the number of defects fonned 
by the substitution is not larger than 2 per fomiula weight (2MgO-2Al203-5Si02), preferably. The reason is as follows. 
That is, the number of trivalent Al(s) is 4 per formula weight (2MgO-2Al203-5SI02) and, when trivalent Al(s) are sub- 
stituted with two hexavalent W(s), two defects are fomried and Al is lost. Therefore, strain of the cordierite crystal 
Increases, resulting in poor stability. Since the number of atoms per fomnula is 29, the proportion of lattice defects is 
preferably about 7% based on atoms. 

[0066] When substituting constituent elements of the substrate ceramic, the substitution would be possible when 
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ratio of the* effective ionic diameter of the constituent element to be substituted to that of the substituting element is in 
a range from 0.7 to 2.0. Table 5 shows the ratio of the ionic diameter of the constituent element to be substituted to 
that of the substituting element, and the possible sites of substitution predicted therefrom. 
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[0067] Possible combinations of the sites of substitution witli two l<inds of substituting elements are SI + Si site, SI 
+ Al site, Si + IVIg site, AI + Al site, A! + IVIg site and Mg + IVlg site. Among these, substitution is considered to actually 
tal<e place at such sites that both elements have similar values of valence and ion diameters. Most probable site of 
substitution can be predicted by simulation. In the simulation, for example, the most probable crystal structure is de- 

5 termined by the density functional fomnality with various elements at the possible sites being substituted, and the total 
energy is compared between crystal structures of various states after substitution, thereby to estimate the possibility 
of solid solution. Strength of bonding with the catalyst can be estimated from the most probable crystal structure thus 
determined. The method of density functional formality is based on the fact that the total energy of a system at the 
ground state can be represented by the density functional of electrons, and detemnines the electron state in a crystal 

10 by applying a Hamilton function, that represents the mutual interaction between electrons, to the wave equation. This 
method is suited to the prediction of electron state In the interface between the surface of a support made of an oxide 
or other material and the catalyst component. 

[0068] Fig. 1 2(a) shows the crystal energy for various sites of solid solution with Ti, in comparison of a case of using 
W and Ti as the substituting elements and a case of using W only (Si and Al, Mg site). The simulation by the method 
15 of density functional formality was carried out on the modei shown In Fig. 12(b) under the following conditions of hard- 
ware and software. 



Pre/post 


i Cerius 2 


Analyzer 


1 CASTEP 


W/S 


i SGI Octane 2 


CPU time 


1 Approx. 70,000 seconds 



[0069] Strength of bonding between the noble metal catalyst (R) and the substituting element was estimated as 
shown in Table 6. 



rable 6] 





Bonding strength with Pt (eV) 


W + Si site Ti 


15.1 


W + Al site Ti 


13.8 


W + Mg site TI 


10.3 


W + Si site Fe 


17.4 


W + Al site Fe 


10.2 


W + Mg site Fe 


5.4 


W + SI site Co 


16.4 


W + Al site Co 


16.7 


W + Mg site Co 


6.2 



[0070] Based on the simulation described above, it is found that it is highly probable that W substitutes at the Si and 

Al site and other substituting elements such as Ti substitute at the site of Al or Si. 
45 [0071] The present Invention has an object to obtain a ceramic body that can support a required amount of catalyst 

component, without lowering the characteristics such as strength, being manufactured without forming a coating layer 

and providing a high performance ceramic catalyst body that is excellent in practical utility and durability. 

[0072] Such a ceramic body that is made by substituting at least one kind among the constituent elements of cordierite 

that constitutes the substrate ceramic, for example Al, with W that is the element having an empty orbit in d or f orbit, 
50 has high bonding strength and is less susceptible to deterioration since the catalyst component PX Is supported by 

means of chemical bonding. 

Claims 

55 

1. A ceramic body, wherein one or more of elements that constitute a substrate ceramic are substituted with an 
element other than the constituent elements, and a catalyst component can be directly supported on the substituting 
element. 
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2. The cferamic body according to claim 1 , wherein said catalyst component is supported on the substituting element 
by means of chemical bonding. 

3. The ceramic body according to claim 1 , wherein said substrate ceramic contains cordlerite as the main component 
5 thereof. 

4. The ceramic body according to claim 3, wherein said substrate ceramic contains cordierite in a concentration not 
lower than 1 vol%. 

10 5. The ceramic body according to claim 3, wherein said substrate ceramic contains cordierite in a concentration not 
lowerthanS vol%. 

6. The ceramic body according to claim 3, wherein said constituent element to be substituted contains at least one 
kind selected from among a group consisting of Si, Al and Mg. 

15 

7. The ceramic body according to claim 6, wherein the ratio of effective ion diameter of said constituent element to 
be substituted to that of said substituting element is in a range from 0.7 to 2.0. 

8. The ceramic body according to claim 1 , wherein said substituting element is one or more element having d or f 
20 orbit in the electron orbits thereof. 

9. The ceramic body according to claim 8, wherein said substituting element has an empty orbit in the d or f orbit 
thereof. 

25 10. The ceramic body according to claim 9, wherein said substituting element Is at least one kind selected from among 
a group consisting of Tl, V, Cr, Mn, Fe, Co, Ni, Zr, Mo, Ru, Rh, Ce. W, Ir and Pt. 

1 1 . The ceramic body according to claim 1 , wherein said substituting element Is at least one kind of element that has 
two or more oxidation states. 

30 

12. The ceramic body according to claim 1 1 , wherein said substituting element is at least one kind selected from among 
a group consisting of Cu, Ga, Ge, Se, Pd, Ag and Au. 

13. The ceramic body according to claim 1 , wherein the proportion of solid solution of said substituting element Is not 
35 lower than 5 ppb of the number of atoms of said constituent element to be substituted. 

14. The ceramic body according to claim 1 , wherein the proportion of solid solution of said substituting element Is not 
lower than 5 ppm of the number of atoms of said constituent element to be substituted. 

40 15. The ceramic body according to claim 1 , wherein the proportion of solid solution of said substituting element is in 
a range from 0.01% to 50% of the number of atoms of said constituent element to be substituted. 

18. The ceramic body according to claim 15, wherein the proportion of the solid solution is In a range from 2 to 7% of 
the number of atoms of the constituent element to be substituted in the substrate ceramic containing cordierite as 
45 a main component, the proportion is in a range from 5 to 15% of the number of atoms of the constituent element 
to be substituted In the substrate ceramic containing titania as a main component, and the proportion Is in a range 
from 1 to 5% of the number of atoms of the constituent element to be substituted in the substrate ceramic containing 
alumina as a main component. 

50 17. The ceramic body according to claim 1 , wherein said catalyst component contains element of at least one kind 
selected from among a group consisting of Pt, Rh, Pd, Ir, Au, Ag, Ru, Hf, Ti, Cu, Ni, Fe, Co, W, Mn, Cr, V, Se, Rb, 
Sr, Y, Zr, Nb, Mo, To, Ru, Sc, Ba, K and lanthanold elements as the main catalyst or promoter component. 

18. The ceramic body according to claim 1 , wherein said catalyst component contains R, Rh, Pd and Ir as the main 
55 catalyst and one or more elements selected from Y, Zr. La and Ce or oxides thereof as the promoter. 

19. The ceramic body according to claim 1 , wherein said catalyst component can be supported by the fact that an 
electron orbit thereof overlaps with that of said substituting element. 
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20. The ceramic body according to claim 1 , wherein said catalyst component can be supported by means of ion bonding 
with said substituting element. 

21 . The ceramic body according to claim 1 , wherein said constituent element and said substituting element are selected 
5 so that the sum of oxidation numbers of said constituent element to be substituted is equal to the sum of oxidation 

numbers of said substituting element, 

22. The ceramic body according to claim 21 , wherein one of said constituent element is substituted with said substi- 
tuting element that has the same value of valence as that of the former. 

10 

23. The ceramic body according to claim 21 , wherein one of said constituent element is substituted with a plurality of 
said substituting elements that have different values of valence from that of the fomner. 

24. The ceramic body according to claim 22, wherein said constituent element is Si, Al or Mg, while said constituent 
15 element is substituted with two kinds of said substituting elements, with the two kinds of said elements being 

included in proportion of 1 : 1 in the ratio of the number of atoms, and the total number of atoms of the two kinds of 
elements being equal to the number of atoms of said constituent elements to be substituted. 

25. The ceramic body according to claim 24, wherein both the constituent elements to be substituted with the two 
20 kinds of said substituting element are located at the Si site. 

26. The ceramic body according to claim 24, wherein one of the constituent elements to be substituted with the two 
kinds of said substituting element is located at the Si site and the other is located at the Al site. 

25 27. The ceramic body according to claim 24, wherein one of the constituent elements to be substituted with the two 
kinds of said substituting element is located at the Si site and the other is located at the Mg site. 

28. The ceramic body according to claim 24, wherein both the constituent elements to be substituted with the two 
kinds of said substituting element are located at the Al site. 

30 

29. The ceramic body according to claim 24, wherein one of the constituent elements to be substituted with the two 
kinds of said substituting element is located at the Al site and the other is located at the Mg site. 

30. The ceramic body according to claim 24, wherein both the constituent elements to be substituted with the two 
35 kinds of said substituting element are located at the Mg site. 

31. The ceramic body according to claim 23, wherein said constituent element is Si, Al or Mg, while said constituent 
element is substituted with three kinds of said substituting elements, two of the three kinds of elements having the 
same value of valence, with the two kinds of said elements that have the same value of valence and the other one 

40 kind of element being included in the proportion of 2:1 in the ratio of the number of atoms, and the total number 

of atoms of the three kinds of elements being equal to the number of atoms of the constituent elements to be 
substituted. 

32. The ceramic body according to claim 23, wherein said constituent element is Si, Al or Mg, while said constituent 
45 element is substituted with three kinds of said substituting elements, while the three kinds of elements having 

different values of valence, with the three kinds of said elements being included In the proportion of 1 :1 :1 in the 
ratio of the number of atoms, and the total number of atoms of the three kinds of elements being equal to the 
number of atoms of said constituent elements to be substituted. 

50 33. The ceramic body according to claim 21 , wherein said constituent element is Si, Al or Mg, while said constituent 
element is substituted with three kinds of said substituting elements, with at least one of the three kinds of elements 
having the same value of valence as that of said constituent element, the three kinds of said elements being 
Included in the proportion of 1 :1 :1 in the ratio of the number of atoms, and the total number of atoms of the three 
kinds of elements being equal to the number of atoms of said constituent elements to be substituted. 

55 

34. The ceramic body according to claim 23, wherein said constituent element is Si, Al or Mg, while said constituent 
element is substituted with four kinds of said substituting elements, while two of the four kinds of elements have 
the same value of valence and the other two kinds of elements have the same value of valence, with the pairs 
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• each comprising the two l^inds of elements that have the same value of valence being included in the proportion 
of 1 :1 In the ratio of the number of atoms, and the total number of atoms of the four kinds of elements being equal 
to the number of atoms of said constituent elements to be substituted. 

5 35. The ceramic body according to claim 23, wherein said constituent element is Si, A! or Mg, while said constituent 
element is substituted with four kinds of said substituting elements, with two of the four kinds of elements having 
the same value of valence, the two kinds of elements that have the same value of valence and the remaining two 
kinds of elements being included in the proportion of 2:1 : 1 in the ratio of the number of atoms, and the total number 
of atoms of the four kinds of elements being equal to the number of atoms of said constituent elements to be 

10 substituted. 

36. The ceramic body according to claim 21 , wherein said constituent element is Si, Al or Mg, while said constituent 
element is substituted with four kinds of said substituting elements, with two of the four kinds of elements having 
the same value of valence as that of said constituent elements, the two kinds of elements that have the same 

15 value of valence and the remaining two kinds of elements being included in the proportion of 2:1 :1 in the ratio of 
the number of atoms, and the total number of atoms of the four kinds of elements being equal to the number of 
atoms of said constituent elements to be substituted. 

37. The ceramic body according to claim 23, wherein said constituent element Is SI, Al or Mg, while said constituent 
20 element is substituted with four kinds of said substituting elements, with three of the four kinds of elements having 

the same value of valence, with the three kinds of elements that have the same value of valence and the remaining 
one kind of element being included in the proportion of 3: 1 in the ratio of the number of atoms, and the total number 
of atoms of the four kinds of elements being equal to the number of atoms of said constituent elements to be 
substituted. 

25 

38. The ceramic body according to claim 23, wherein said constituent element is Si, Al or Mg, while said constituent 
element is substituted with four kinds of said substituting elements, with the four kinds of said elements being 
included in the proportion of 1 :1 :1 :1 in the ratio of the number of atoms, and the total number of atoms of the four 
kinds of elements being equal to the number of atoms of said constituent elements to be substituted. 

30 

39. The ceramic body according to claim 21 , wherein said constituent element is Si, Al or Mg, while said constituent 
element is substituted with four kinds of said substituting elements, with at least one of the four kinds of elements 
having the same value of valence as that of said constituent element, the four kinds of elements being included 
in the proportion of 1 :1 :1 :1 in the ratio of the number of atoms, and the total number of atoms of the four kinds of 

35 elements being equal to the number of atoms of said constituent elements to be substituted. 

40. The ceramic body according to claim 1 , wherein said substrate ceramic is cordierite, while the number of lattice 
defects formed by substituting the constituent element with said substituting element having a different electric 
charge is not larger than 2 per fonnula weight (2MgO-2Al203-5Si02). 

40 

41. The ceramic body according to claim 1 , that is formed in honeycomb, foam, hollow fiber, fiber, powder or pellets. 

42. A ceramic catalyst body comprising said ceramic body of claim 1 that supports said catalyst component thereon. 

45 43. The ceramic catalyst body according to claim 42, wherein said catalyst component contains a main catalyst and 
a promoter component, while said promoter component is partially supported on a part of said ceramic body 

44. The ceramic catalyst body according to claim 43, wherein 20 g/L or more promoter component is supported in the 
portion of the ceramic body supporting said promoter component. 

50 

45. The ceramic catalyst body according to claim 42, wherein a wash coating material is partially supported on a part 
of said ceramic body. 
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